. The data were gathered using the triplet section of the ONR Five Octave Research Array (FORA), deployed as a fixed receiver. By steering cardioid beams to the right or left the array can reduce ambiguity. Beamformed data from the 2012 trial show background noise with high directionality and variability due to nearby shipping. Model predictions of reverberation and target are compared with data using a range-dependent Clutter Model, which uses adiabatic normal modes as the computational engine. The initial predictions use isovelocity water, over a sandy bottom halfspace with Lambert scattering, and bathymetry from the GEBCO_08 database. These initial results will be presented, hopefully supplemented by improved predictions with better environmental inputs and additional clutter data obtained during the May 2013 experiment. [Work supported by ONR Code 322 OA].
INTRODUCTION
Predictions of reverberation and and target echo were made in 2012 [1] as part of the preparations for the May 2013 Target and Reverberation Experiment (TREX) [2] in the Gulf of Mexico off Panama City, Florida, USA. The receiver was the triplet section of the ONR Five Octave Research Array FORA [3] , deployed as a fixed receiver. The triplet section, in addition to the usual linear-array beamforming, can be used to form broadside cardioids [4] . The modelling was done using the range-dependent DRDC Clutter model [5, 6, 7] , which is based on adiabatic normal modes. The initial TREX predictions [1] used isovelocity water of depth 20 m, over a flat, uniform, sandy bottom; the effect of cardioid beam patterns on reverberation and target echo was illustrated. A range-dependent calculation used bathymetry from the GEBCO_08 database [8] ; the effect of target depth on the echo was illustrated.
Reverberation measurements had been made in April 2012, but were not available in time for the 2012 conference paper [1] . These data are now available, and here the beam time series from a few pings are examined. The beam time series show a strong directional dependence to the ambient noise, with some beams dominated by noise from nearby passing ships. Also, model predictions are compared with beam time series for one of the pings. The modelling is similar to the 2012 results, except that only a 48-element section of the 78-element array was working. Also, the pulses were quite broadband, so the matched filter beam noise is higher than previously estimated. Figure 1 shows the bathymetry and some clutter objects at the experiment site. The source and receiver are at 30
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• 03.59 N 85
• 40.86 W in 18.3 m of water. The received hydrophone data were sampled at 12.5 kHz, beamformed, and match filtered using Preston's reverberation processing system [9, 10, 11] . Figure 2 shows two polar plots of 25 s of the beam time series from the matched filter output on Day 111 (April 20). Time is mapped into range and the beam angle into azimuth, and a colour plot of the beam time series overlaid on the map of the location. The upper plot (at time 13:24Z) is for pulse wt4 ( 0.1-s LFM of 1000 Hz bandwidth). The reverberation drops into the ambient noise after about 5 s. The noise radials are most likely due to individual ships not too far away. There is strong noise from aft endfire (toward the south) and increased noise to between west and northwest, possibly the mother ship R/V SHARP. The lower plot (at time 12:58Z) is for a much shorter pulse wt1 (0.0008 s CW), so the reverberation is hardly visible. The beam noise levels are different due to the matched filter processing. The strong directional noise comes from the west-northwest as before, with some additional radials.
Directional noise
Several seconds of ambient noise were sampled from the beam time series just before the pulse. The solid lines in Fig. 3 depict the beam noise as a function of beam number from the two plots in Fig. 2 and two other pulses; wt2 refers to a 10 ms CW pulse at 3500 Hz. We see that the overall level of the beam noise seems to include the full bandwidth of the matched filter. Except for some peaks, the shape vs bearing for all cases is similar, although the levels differ. The strong peaks are generally associated with nearby passing ships. The beam plot for time 14:04Z shows peaks for beams 25, 40, 67, 91, and 133. Since they do not occur on the other times, peaks at 133 and 67 are likely ships, with the peaks at 25 and 91 leaking through from incomplete left-right ambiguity rejection. However, the peaks on beam 40 (right broadside) is present in all four analyzed pulses, so this flags a potential array problem; e.g., electrical noise on all hydrophone channels would appear on the broadside beams 40 and 118. The hydrophone time series will need to be looked at to diagnose this in more detail. NL omni (in dB/Hz) can be obtained: (2D/λ) , where D is the length of the array and λ the wavelength; for the 48-element array at 3 kHz the sum is about 19 dB. For the pulses shown in Fig. 3 this gives estimates of the noise of 60, 59, 60, and 61 dB/Hz re 1μPa. A cursory spectrogram of one of the hydrophones gave corresponding values of 60, 60, 59, 60, and 61 dB/Hz. These are high compared with omni measurements of 55±5 dB/Hz [2] . The FORA measurements show increased noise to the west where the mother ship R/V SHARP was moored nearby, so that might explain the difference.
MODEL PREDICTIONS

Overview of Clutter Model
Model predictions were made using DRDC Clutter Model [6, 7] . It calculates reverberation and target echo in a range-dependent environment. It is an extension of Ellis' shallow water reverberation model [5] , which uses normal modes for propagation and ray-mode analogies for scattering. Here the range dependence over the area is handled by adiabatic modes and the towed array beam patterns of the receiver are incorporated. Reverberation is calculated on all 157 beams out to 25 s. Figure 4 shows model predictions for pulse with ESL = 189 dB using a uniform ambient noise background of 40 dB re 1 μPa/Hz on each beam. The GEBCO bathymetry has been modified so the minimum depth is 0.9 m, leaving at least one propagating mode at 3 kHz. Figure 5 (upper plot) shows model predictions for pulse wt2 using the measured ambient noise background on each beam. The lower plot shows a close-up of the model-data differences.
Model-data comparison
The model calculation was run using a Lambert coefficient of −27 dB, but the results were adjusted by 2 dB for the model-data difference plot to give an average difference around 0 dB; this gives us an estimate of −29 dB for the Lambert coefficient near the array. Towards the shore, the model badly underestimates the data. The GEBCO bathymetry clearly doesn't have enough resolution (lower plot of Fig. 4) , and the adiabatic approximation is likely inadequate for the 1-m depth changes between grid points of depths of only a few meters. There could be scattering effects as well. Upper: Model with measured beam noise; note that the effect of shoreline is masked; the 15 dB target still shows up through noise 12.7 km to the SE. Lower: Close-up of model-data differences for 10 ms CW pulse at 3500 Hz processed in 650 Hz band; for this pulse the data only extended to about 7.5 s. In both cases the black circle marks 5 s; known bottom features as potential clutter objects are shown with diamonds.
